INTRODUCTION
The wide variety of chemical type and the large number of compounds present in the gas phase of tobacco smoke make the analysis of this material difficult. Moreover, if studies of the composition are to be correlated with physiological activity, the analysis should be rapid, and contact with metal or the condensed phase should be avoided (1, 2). Condensation of the gas phase drawn from a burning cigarette onto an efficient glass open-tubular gas chromatography column at low temperature via a glass injection system followed by temperature programming meets many of the above requirements, but yields only nanogram quantities of individual compounds so that mass spectrometry is the. only method of interest for identification purposes. Efficient coupling of the column and mass spectrometer is required if the resolution of the column is to be fully utilised.
We have recently described a tec:hnique for the analysis of fresh tobacco smoke by combination open-tubular column gas chromatography/mass spectrometry (3). In this paper we discuss the application of this method in the identification of some new components of tobacco smoke.
EXPERIMENTAL
The gas phase of fresh smoke from American blend cigarettes without filter tips was injected onto a 120 m long SF-96 silicone oil-coated glass open-tubular column maintained at -70° C and coupled to an I.KB 9000 mass spectrometer through the low dead volume molecule separator (4). The apparatus has been fully described elsewhere (3). 70 eV mass spectra of components eluted on temperature programming were recorded as described previously (3, 5). Figure 1 shows the total ion current monitor c:hromatogram. Mass spectra of 1,1-cllmethylcyclopropane. Upper: peak 1 in chromatogram ( Figure 1) ; lower: reference 6, ten most intense peaks. Components of tobacco smoke identified by comparison of their mass spectra with a literature compilation (6) corresponded in many cases to those previously isolated (see Table 1 of reference 3) although some compounds e.g. a cresol and a xylenol have not been identified before in fresh smoke, but only after separation of appropriate fractions of smoke condensate. A number of compounds have not, apparently, been recognised in any previous study:
3.:1 Cyclopropanes
The presence of cycloalkanes in tobacco smoke is well known; cyclopentane (7-11), methylcyclopentane (7, 1.2) and cydohexane (1., 11-1.4) have been identified. While no three-membered ring compounds have previously been detected, they might be expected since the pyrolysis of a number of simple olefins, well known in tobacco smoke, has been shown (31., 32.) to yield cyclopropanes as a result of primary reactions. Figures 2.-4 show the mass spectra of peaks 1., 2. and 3 in the smoke chromatogram; close correspondence with the three possible dimethylcyclopropanes is evident. Peak 3 also contains carbon disulphide. Structural correlations in the mass spectra of cycloalkanes are obtained only with difficulty (1.5), but all three show the strong molecular ion peak (m/e 70) often found for alicyclic compounds (1.6) and have M-CHa (m/e 55) as the base peak. The separation principle of the silicone oil stationary phase used in this work is volatility, so that simple 2.1.6
Figure 3. . Ma11 spectra of 1,2-trans dimethylcyclopropane.
Upper: peak 2 in chromatogram ( Figure 1) ; ·lower: reference 6, ten most intense peaks.
• consideration of boiling points allows attribution of peak 1. to 1.,1.-dimethylcyclopropane and peaks 2. and 3 to the trans and cis 1.,2 isomers respectively. Mass spectrum of 1-.chloro-5-methylhexane, peak 7 in: chromatogram (Figure 1 18, 19 ) and possibly chloroethane (1..7) have not been detected in tobacco smoke. Only small (~ 3o0fo) transference of chlonnated .agricultural chemicals·· from tobacco leaf to smoke has been found (2o) and gas chromatography/mass spectrometry has been suggested to identify possible pyrolytic products of pesticide residues (2. m/e 91 :1.-chloroheptane or :1.-chloro-5-methylhexane correspond-· ing to the ion I is indicated. Differentiation of these two is possible by taking into account the high intensity of the M-CHa ion at m/e 1..1.9 which seems unlikely unless the compound contains a methyl side chain. In fact, the spectrum (6) of :1.-chloroheptane shows only a very weak m/e 1..1..9 peak, and we assign the chloro-. heptane isomer of tobacco smoke as 1..-chloro-5-methylhexane.
3·3 Olefins
Grab (1.7, 24) reported the presence of two CeHs isomers in tobacco smoke. The mass spectrum (Fig. 6 ) of peak 4 in our chromatogram corresponds to CeHs but is in- and interpolation in a (linear) graph of retention time, measured from the chromatogram, against boiling point for readily identifiable substances suggests that the unknown has boiling point 78° C; 1..,3,5-hexatriene is thus strongly suggested. Identification of this highly reactive compound (27) in this analysis in contrast to numerous other studies may be due to the direct injection of smoke onto the gas chromatography column without an intermediate concentration step. Inspection of lists of the series of alkenes identified in the gas phase of tobacco smoke reveals many in the Mall spectra of 2-methyl-1-octene. Upper: peak 6 in chromatogram ( Figure 1) ; lower: reference 6, ten most intense peaks. 0 50 Ca-Ce (:19, 2:1.) and Cto-Cs2 (17, 19, 21, 28) ranges, but a rather puzzling absence of C1-Ce mono-olefins. We find that the mass spectrum ( Figure 7 ) of peak 6 corresponds to a nonene, CeH18. The mass spectra of monoolefins with the double bond in different positions are generally' very similar (29) , because the activation energies for re-arrangement processes in ions are small compared with neutral molecules (3o). Nevertheless, olefin isomers are not necessarily indistinguishable, and the spectrum of peak 6 closely resembles that of 2-methyl-1-octene with a strong C~s + ion peak at m/e 56.
SUMMARY
The gas phase of fresh tobacco smoke was injected onto an open-tubular gas chromatography column at low temperature. Mass spectra and retention data for components eluted on temperature programming suggest the presence of six new compounds: :1.,1-, 1,2-cis-, and :1.,2-trans-dimethylcyclopropanes i.
:1. -chloro-5-methylhexane; :1.,3,5-hexatriene; and 2-methyl-1-octene. 
RESUME
Dans une colonne chromatographique ouverte a basse temperature, on a injecte la phase gazeuse de fumees fraiches de tabac. Ses spectres de masse ainsi que les temps de retention a temperature programmee suggerent la presence de six nouveaux composes: 1.1-, 1.2-ciset 1.2-trans-dimethylcyclopropanes; 1-chloro-5-methylhexane; 1.3.5-hexatriene; et 2-methyl-1-octene.
